Despite an early description, the rhacophorid frog (Chiromantis vittiger (Boulenger 1897)) is relatively poorly known species. It has been found in several areas in the mountainous part of western Java, one of which is in the Chevron Geothermal Indonesia (CGI) concession area within Mount Halimun-Salak National Park. An ecological study of this species and its habitat was conducted in CGI from April to September 2008. The biological and ecological aspects of this tree frog such as morphology, habitat characteristics, breeding behaviour, and larval development are presented in this paper. This study found that the fertilised eggs hatch as free-swimming tadpoles. In addition, the availability of artificial habitat in the form of concrete ponds helps sustain the population throughout the year. We also report parental care in this species.
INTRODUCTION
One problem of amphibian conservation in developing countries is a lack of information on frog species and their ecology and behaviour (Alford & Richards 1999) . In the past couple of years, studies have shown that amphibian listed as Data Deficient species in IUCN Red List are at risk of extinction (Morais et al. 2013 , Howard & Bickford 2014 , Nori & Loyola 2015 . The need to study Data Deficient species is greater as the conservation crisis is escalating in Southeast Asia (Rowley et al. 2010) including Indonesia (Iskandar & Erdelen 2004) . Destruction of forests, habitat fragmentation, climate change, and diseases are some of the factors that may affect the populations of amphibians (Stuart et al. 2005) . Amphibians are more sensitive to environmental toxins or to changes in patterns of temperature or rainfall than are other terrestrial vertebrate (Alford & Richards 1999) , thus making them more susceptible to environmental stressor. In addition, some of the peculiar life-history characteristics of amphibian such as parental care, breeding behaviour, and various kinds of larva development are under studied especially in Southeast Asia (Poo & Bickford 2013) . In fact, this information is essential to enhance our understanding of the ecological and evolutionary significance of amphibians in general.
Mount Salak (highest elevation 2,211 m) is one of the few remaining pristine habitats in Java.
As an area that harbours multiple waterfalls and forest ecosystems, Mount Salak was designated as Halimun-Salak National Park (113,357 ha) in 2003. A small part (± 110 ha) of this national park is managed by Chevron Geothermal Indonesia (CGI) for geothermal energy and most of the area consists of natural forests. In 2006, an amphibian survey was conducted in CGI area, mostly along the gravel path used by the workers to check on the gas pipelines in several blocks. Two individuals of Chiromantis vittiger (Boulenger 1897) were found in one of the ponds inside this area (Kusrini & Fitri 2006 ). This species have been identified in several areas of West Java; these include populations in Situ Lembang and Mount Burangrang (Iskandar 1998) , Mount Halimun (Kurniati 2003) and Mount Salak (Kusrini & Fitri 2006) . This spesies is known to inhabit high elevation locations (> 900 m above sea level) and is mostly found near ponds or stagnant waters (Kurniati 2003 , Kusrini & Fitri 2006 , but detailed descriptions of its habitat preferences are lacking. Recently Wostl et al. (2017) transferred Philautus vittiger to Chiromantis vittiger based on its morphological characteristic. Thus in this paper we refer P. vittiger into Chiromantis vittiger. Wostl et al. (2017) however did not give any additional information regarding the ecology of the species.
We studied the autoecology of C. vittiger which has never been studied and the species has been listed as Data Deficient by the International Union for the Conservation of Nature (Iskandar et al. 2009 ). Here, we presented its habitat characteristics, along with breeding behaviour and reproductive ecology.
MATERIALS AND METHODS
This study was conducted in Chevron Geothermal Indonesia (CGI) concession, within the Halimun-Salak National Park in West Java (Fig. 1) Comprehensive night surveys were carried out in streams, ponds and terrestrial habitat within the concession area, mostly near the gas checking point (coded as P for short). A 400-m transect survey was conducted in five streams. We employed a χ 2 test for independence in order to verify if frogs were randomly distributed or more likely to occur in specific habitat type. When possible, we measured the snout vent length (SVL) of males and females of the C. vittiger to the nearest 0.1 mm with callipers and weighed body mass to the nearest 0.5 g with a Pesola spring scale. We then analysed the difference of mass and length between male and female using t-test. All the statistical analysis were carried out using R software (R Core Team 2017). We also observed the gravid condition of females based on visible ova: no ova or with ova. The latter was categorised further as gravid or ready to breed in which the ova were bigger than those in gravid female.
Breeding observations were carried out from April to September 2008. We visited the ponds and waterways where we encountered C. vittiger at least once a day for 3-5 nights each month and searched for newly-laid eggs. Visual Encounter Survey (VES) was used mostly at night with a total of 77 man-hours. When we found egg masses, we recorded habitat characteristics such as height of egg-mass (measured from the surface of the pond to their lower margin to the nearest 0.1 m), air and water temperature, type of water body (standing or moving water), type of leaf to which egg mass was attached (small or large-sized), and vegetation structure (shrubs, liana and trees). We measured air temperature and relative humidity using a thermohygrometer, pH of water using pH strip paper and water temperature using thermometer. We noted type and species of vegetation Observations on breeding behaviour were made at night whenever breeding occurrences were found. We recorded courtship interaction (male and female conducted pair formation and mating), and after eggs were laid, the occurrence of parental care if any. To obtain detailed information of breeding sequence we constructed an artificial terrarium in base camp (about 2 km from the CGI concession area). We used a 30x20x21 cm plastic box, one-quarter full of water, and added aquatic plants. Two males (SVL 27.9 mm and 28.4 mm) and three females (SVL 21.6 mm, 24.4 mm and 24.3 mm) were taken on 23 September 2008 from two locations (one pair from P3 and the others from P4). All females showed visible ova, although only one showed mature ova (large and yellowish in colour). One female escaped after six hours in captivity, thus observations were Afterwards frogs were released back to their original habitats.
We observed larval development in the field as well as in laboratory using terrariums to mimic its natural habitat. We determined clutch size by counting the number of eggs from a digital image or, in the case of eggs reared in the lab, by counting the number that hatched and failed to hatch. We documented the number of egg-masses present in each clutch and assessed changes in development of egg masses found in the previous month following Gosner stage (1960) 
RESULTS

Morphology and call description
We captured and measured 35 individuals of C. vittiger. Mature males (mean SVL = 27.26 mm) are slightly larger than females (mean SVL = 23.99 mm), the difference is statistically significant (t = -6.877, df = 32.992, p-value = 0; Fig. 2 ). However, there is no significant difference in weights of adult males and females (mass ± 1.22 g, t = 0.69952, df = 19.494, p-value = 0.4925; Fig. 2 ). Males were slightly more abundant than females 55% and 45%, respectively.
Here we provide a short description of the species: Tympanum visible and skin is smooth and without a supratympanic fold. The snout is short and slightly pointed. A dark stripe extends from the eye to the groin, mostly distinctly from the eye to the forelimb. The colouration pattern varies among adults. Dorsum was pale translucent yellow cream (usually at night), sometimes with brown spots or brown bars or even completely brown. The colour pattern can change rapidly within hours, from yellow-cream to yellow-brown. In the lighter version, fore and hind limbs were usually pale pink whilst the brown version usually exhibited yellow fore and hind limbs with brown bars or dark spots all over the limb. Throat to belly was white with the middle part to groin pinkish. The tips of toes and fingers were distinctively enlarged into flattened disc. Fingers were slightly webbed at the base, and toes were 2/3 webbed. The morphology and colouration of this species as observed in the field is shown in Fig. 3 The calls were easily heard from a distance of more than 20 m.
Habitat characteristics
During the study, we only encountered this frog in ponds surrounded by shrubs. We classified ponds based on its construction to natural ponds, semi artificial ponds, and artificial ponds. The last two types were built by CGI management to retain water for cooling. We found the species to be more abundant in semi-artificial ponds, which originated from slow moving streams impounded by CGI management. This might be due to the availability of water during the dry season. The cemented ponds help retain the water during dry season. Moreover, the semi artificial ponds are larger and deeper than artificial and natural ponds (Fig. 4a) . Chi-square test also revealed that the distribution of the frog is likely to occur in semi-artificial ponds (X-squared = 74.444, df = 2, pvalue < 2.2e-16; Fig. 4b ).
The distribution of the frog also depends on the occurrence of forest and vegetation surrounding the ponds. All the ponds, except the one in the tea plantation, are similar in being surrounded by dense vegetation, mostly shrubs with broad leaves or epiphytes that inhabit moist and wet soils. The information of the vegetation in which we found these tree frogs perching on is given in Table 1 . 
No Local name Latin name Category
Breeding Behaviour
No amplexus occurred in the natural habitat during our observation. Even though we have encountered five pairs sitting close to each other, most likely they were associated with reproductive activities. Observations mostly described here are based on experimental activities when two pairs of female and male were kept in a terrarium.
Courtship began a day before with a male calling from under the widest leaf which was situated directly above the water surface. At 22:00 (local time), a female with visible ova began advancing toward the calling male. Both male and female then sat close to each other (around 3 cm apart). The male continuously called until 5:00 in the following morning. During the day, both were seen resting close together until dusk with the female moving around the water and leaf occasionally. At 18:30, the male started to call again and continued calling until 01:00 am where upon the female advanced upon him and appeared to be searching for a suitable location on the leaf to deposit her eggs. She then sat in the selected location. At 01:10, the calling male advanced toward a non-calling male in the terrarium, but after 10 seconds he left the male and approached the female. Shortly thereafter the pair engaged to axillary amplexus and the male stopped calling (Fig.   5 ).
During the mating observation, we encountered an interesting mating activity. It began when a non-calling male in the terrarium approached the amplectant pair at 01:29 when the female was laying the eggs. Previously, the non-calling male was waiting about 10 cm below the amplectant pair. While the female released eggs for 26 minutes with a male on her back, the non-calling male positioned himself on top of the eggs clutch, both males seemingly fertilised them. After eggs were laid (01:55), the first male soon released the female and departed, however the second (non-calling) 
Parental Care
We observed an apparent parental care of this species in their natural habitat. Most females that were not engaged in breeding activities were usually located near eggs during the day although they were mostly inconspicuous. At night, females occasionally sat on top of their eggs and wiped their hind legs on them (Fig. 2a) . Of the 17 clutches we observed, 10 were guarded by a female. A male usually sat nearby but was never as close as the female. These males usually called and when researchers approached them, they increased the tempo of the calls.
At least five out of seven unguarded clutches were damaged. Four clutches were attacked by ants and via fungal infection, in which the eggs rotted, became discoloured, or dried up. On one occasion, a clutch of eggs was abandoned by the guarding female after the leaf sheltering the eggs was eaten by a caterpillar, leaving the eggs hanging only by a small thread of the remaining leaf.
There is a possibility that the eggs may have survived because the embryos were already in stage 21. This observation suggests that parental care is required to keep the larva alive and develops.
We found egg clutches at five different locations, but most were found at PP1 (17 clutches).
The most clutches (10 egg clutches) were seen in May, but we saw clutches in all six months of the observation period (Fig. 6) . Moreover, we also detected calling males throughout this period of study.
Females attending the breeding sites were either gravid or ready to breed or taking care of the clutch (no visible ova in the body cavity). Ripe ova were usually large and yellowish, whilst unripe Fertilised eggs hatched after about 16 days, at which time tadpoles emerged as stage 25 and slid into the water below the oviposition site. Tadpoles remained in stage 25 for at least 8 days.
After about two months, hind limbs began to develop and after another 20 days, front limbs emerged. The metamorphosis process in the captivity took 3 months based on our observation (Table 3 , Fig. 7 ).
Two attempts to rear newly fertilised eggs in the lab were unsuccessful. In one of the clutches, eggs were guarded by the female until stage 17 when the eggs were attacked by a fungus or mold and was abandoned. Both the mother and the embryos died. The other clutch of newly fertilised eggs taken from the field lab without the parent died in 3 days.
Rearing tadpoles and near-hatched eggs were more successful than rearing newly-laid eggs.
Although our first attempt to grow tadpole ended with only one tadpole surviving to stage 43, our second attempt to rear stage 23-24 eggs (near hatching period) resulted in greater success with nearly 30% of the eggs still surviving as tadpoles until 4 December 2008. The development of fertilised eggs of C. vittiger is shown in Fig. 7 .
Larva Description and Development
Tadpoles show an oval body with rounded snout (Fig. 8) . The eyes situated in dorsal, directed laterally which is not visible from below. Nostril is small, dorsolateral, at midpoint between snout tip and eye. The internarial distance is about 50% of the interorbital distance. The rounded naris is moderate in size, directed dorsally and positioned closer to the snout than to the eyes. The tail musculature is strong, of almost uniform height until the midtail; in the distal half of the tail the musculature is gradually tapering and almost reaches the tail's tip. Dorsal fin does not extend onto the body; a little broader than ventral fin. Dorsal fin expands after one third of tail length, where it becomes the point of maximum fin height. 
DISCUSSION
This survey revealed that Chiromantis vittiger has a free tadpole stage, and has a similar morphological appearance to C. trilaksonoi (Riyanto & Kurniati 2014) , however based on the call characteristics we are certain that the species we studied is non-conspecific. Riyanto & Kurniati (2014) did not examine C. vittiger from its type locality in Pengalengan, therefore genetic studies about this species from its distribution seem indispensable in order to ensure its suitable nomenclature in the taxonomy tree. The call oscillogram from Riyanto & Kurniati (2014) study and our study is illustrated in Fig. 9 .
The distribution of C. vittiger in the CGI concession is restricted to the availability of ponds especially the semi-natural ones which are quite plenty in CGI area. However, we cannot determine the population status of this species since there are no previous reports on the preceding population.
Still, by judging at the number of individuals and breeding activity and habitat discovered during the survey, we assume that the current population of C. vittiger in CGI is quite healthy. There appears to be no adverse impact of the occurrence of geothermal concession within Halimun-Salak National Park to the population and habitat of this species.
During the sixth month period of observation, we found both calling males and developing eggs in the sites. Nonetheless, May is the month when we found the highest number or nest of this species. It seems that the breeding peak coincided with the timing of rain, which is similar to observations on other tropical species (Church 1960 , Church 1961 , Inger & Bacon 1968 , Premo 1985 , Jaafar 1994 . In addition, the semi-natural pond allows holding the water for a long period which is necessary for larval development of this species. The presence of these ponds may facilitate year-round breeding.
The intrusion of another male during amplexus of C. vittiger in this research shows an instance of mate piracy that also occurs in other species (Byrne & Roberts 1999 , Davis & Roberts 2004 , Vieites et al. 2004 . Yazid (2006) reported the unsuccessful attempt of other non-selected males to engage in the mating process during amplexus of a pair of Rhacophorus reinwardtii in Bogor which was eventually ousted by the pair. However, we have seen a female of R. reinwardtii during oviposition with three males on her back in Bodogol at Mount Gede-Pangrango National Park (Kusrini, unpub . data) without apparent act of protestation. No aggressive behaviour is obvious during the intrusion of another male of C. vittiger in our observations. Since we were unable to observe amplexus in the wild, we are unsure if this kind of polyandrous mating and non-resistance behaviour of the paired frogs to the other male is common in this frog.
Although we are unable to quantify the survival of embryos to the hatching period and through metamorphosis stage, it is clear that developing embryos are vulnerable to risk of predation and desiccation prior to hatching. The presence of other important aspects such as parental care and climatic features are indispensable. Our laboratory work had shown that rearing newly fertilised eggs proved unsuccessful without the attendance of its parent. Even in the wild, some of the eggs were broken dead when there were no adults to guard it for a long period. In addition, hatched tadpoles that had difficulty sliding into the water and that remained stuck on the leaf might eventually die. Rainfall might be helpful during the hatching period by providing an escape route to the water. Newly hatched larvae devour attached algae. However, during our lab experiment, the older tadpoles also ate Tubifex worms and body parts of dead conspecifics. The food habits of C.
vittiger tadpoles are apparently similar to those of Polypedates leucomystax who also ate carcasses of conspecific tadpoles (Alcala 1962 , Yorke 1983 ).
Other research elsewhere have shown that most common parental care occurs mostly in the form of egg attendance (Wells 1977 , Lehtinen 2003 , Poo & Bickford 2013 with the intention of reducing risk of embryonic mortality (Taigen et al. 1984 , Croshaw & Scott 2005 . The adult removal experiment in the field revealed the critical contribution of egg attendance to offspring surivorship (Poo & Bickford, 2013) . Eggs might be defended by a male, female or both (Wells 1977) , or by either the male or the female parent but not both which is called amphisexual that occurs in two species of Mantidactylus (Mantellidae) from Madagascar's rain forest (Lehtinen 2003 ). In the case of C. vittiger, parental females seem to have a larger role in guarding eggs, although parental males were often seen nearby. It is not clear whether males have roles in guarding eggs or rather guarding their territories. However, the parental care behaviour of amphibian in South East Asia is poorly known (Poo & Bickford 2013) . This includes Indonesian species, where parental care in the form of egg attendance has only been reported from two species of frogs from Sulawesi, Limnonectes arathooni (Brown & Iskandar 2000) and Limnonectes modestus (Lubis et al.
unpubl. data). In both species, male individuals were seen guarding clutches of eggs in a terrestrial nest (L. arathooni) and in a leaf (L. modestus). The wiping of eggs by the hind limb of its guardian, as observed for a C. vittiger female after returning from water, is presumably to maintain the moisture of its eggs by transferring water from the hind limbs to the eggs. Similar action has also been observed in other species, such as Dendrobates pumilio in which males urinate on their eggs (Weygoldt 1980 ) and male Chirixalus effingeri (Chen et al. 2007 ) which transferred moisture using its ventral surface.
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